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MEMORANDUM FOR F I L E  

DATE: September  2 4 ,  1968 

FROM: E .  D. Marion 

I n  t h e  past  few months t h e r e  has been much d i s c u s s i o n  
o f  t h e  use  of  a r t i f i c i a l  g on l o n g  term s p a c e c r a f t .  I would 
l i k e  t o  summarize t h e  major  f e a t u r e s  o f  t h i s  d i s c u s s i o n  and 
add some t h o u g h t s  which have evolved  b u t  remained undocumented 
u n t i l  now. 

Arguments 

The b a s i c  q u e s t i o n  i s  whether or no t  l o n g  term space-  
c r a f t  shou ld  be spun t o  p rov ide  a r t i f i c i a l  g r a v i t y .  S i n c e  w e  
are soon t o  take t h e  first s t e p s  toward such  a l o n g  term s t a t i o n ,  
t h e  q u e s t i o n  has a f l a v o r  of immediacy abou t  i t .  C l e a r l y  a 
s t a t i o n  can  b e  des igned  t o  p rov ide  a r t i f i c i a l  g r a v i t y  or d e s i g n e d  
t o  work wi thou t  i t ,  b u t  i t  w i l l  be  ve ry  c o s t l y  t o  s w i t c h  from 
one t o  t h e  o t h e r  i n  mid-stream. The v a r i o u s  arguments  for and 
a g a i n s t  t h e  use  of  a r t i f i c i a l  g r a v i t y  go something l i k e  t h i s .  

Biomedical  Reauirements  

I n  g e n e r a l  t h e  medica l  community c l a i m s  a l a c k  of 
e v i d e n c e  t h a t  man can  f u n c t i o n  p r o p e r l y  i n  abaria f o r  l o n g e r  
t h a n  1 4  d a y s .  D e s p i t e  t h i s  l a c k  o f  ev idence  o p i n i o n  seems t o  
r u n  toward t h e  idea t h a t  man can adapt h i m s e l f  to prolonged  
abar ia ,  b u t  t h i s  i s  o p i n i o n ,  n o t h i n g  more. I n  o t h e r  words i t  
i s  p o s s i b l e  t h a t  man c a n ' t  p h y s i o l o g i c a l l y  a d a p t  t o  l o n g  term 
abaria ,  bu t  i t s  much more l i k e l y  t h a t  he c a n .  

- 

- 

Even i f  man c a n ' t  s t a n d  con t inuous  abar ia ,  i t  may n o t  
be n e c e s s a r y  t o  s p i n  t h e  e n t i r e  s t a t i o n .  A c e n t r i f u g e  may b e  
a l l  t h a t ' s  needed.  J u s t  as p e r i o d i c  e x e r c i s e  can m a i n t a i n  muscle  
t o n u s ,  s o  p e r i o d i c  u s e  n f  a c e f i t r i f u g e  might e l i m l n a t e  abaaraic 
d e c o n d i t i o n i n g .  Other  d e v i c e s  such  as e l a s t i c  l e g  bands or lower  
body n e g a t i v e  p r e s s u r e  b o o t s  may do t h e  same j o b  w i t h  l e s s  
mechanica l  complexi ty .  

I n ' a n y  c a s e  t h e  a l t e r n a t i v e s  and some o f  t h e i r  c h a r a c -  
t e r i s t i c s  are  shown i n  T a b l e  I .  
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TABLE I 

BIOMEDICAL " G "  ALTERNATIVES 

A l t e r n a t i v e  Probable  Need R e l a t i v e  Confidence 

Abaria with s i n p l e  Most L i k e l y  Should a v o i d  any decon- 
c o n d i t i o n i n g  d i t i o n i n g  problems 
d e v i c e s  

C e n t r i f u g e  

Spinning-  
s t a t i o n  

I n t e r m e d i a t e  

Least L ike ly  

Should s o l v e  any decon- 
d i t i o n i n g  problems 

W i l l  d e f i n i t e l y  s o l v e  
d e c o n d i t i o n i n g  problems.  

Eng inee r ing  Requirements 

There  are  c u r r e n t l y  no o v e r r i d i n g  e n g i n e e r i n g  re -  
qu i r emen t s  f o r  or a g a i n s t  a b a r i c  o p e r a t i o n .  
some competing c o n s i d e r a t i o n s :  

There a r e ,  however, 

Convenience.  An a r t i f i c i a l - g  s t a t i o n  makes 
a s t r o n a u t  a d a p t i o n  and t r a i n i n g  e a s i e r .  Things 
l i k e  a dropped p e n c i l  or a p l a t e  o f  food  behave 
i n  an  e a r t h  bound f a s h i o n ,  and s o  do n o t  r e q u i r e  
s p e c i a l  t r a i n i n g  o r  e n g i n e e r i n g  d e s i g n s .  
v i o u s l y  for convenience i n  t r a i n i n g  and d e s i g n  
an  a r t i f i c i a l - g  s t a t i o n  i s  b e t t e r .  
has a weak po in t - - the  s t a t i o n  must b e  des igned  f o r  
a b a r i c  o p e r a t i o n  simply as a con t ingency .  
sp inup  mechanism f a i l s ,  t h e  subsys tems and t h e  
crew must b e  able  t o  o p e r a t e  i n  aba r i a  e i t h e r  t o  
f i x  t h e  problem, t o  assess t h e  damage, t o  await 
h e l p ,  or to c o n t i n u e  w i t h  a mod i f i ed  m i s s i o n .  So 
t h e  zero-g d e s i g n  and t r a i n i n g  problem i s  s t i l l  
t n e r e ,  its just concea led  as a con t ingency  opera-  
t i n g  mode. 

Ob- 

T h i s  argument 

I f  t h e  

2 )  E f f i c i e n c y .  Limited t e s t i n g  t o  da t e  has shown t h a t  
man o p e r a t e s  more e f f i c i e n t l y  i n  a g f i e l d  t h a n  he 
does  i n  abar ia .  W h i l e  t h e r e  i s  some q u e s t i o n  o f  h i s  
l o n g  term a d a p t i o n  to abar ia ,  t h e  da ta  does  i n d i c a t e  
t h a t  you can g e t  m o r e  work o u t  o f  a n  a s t r o n a u t  i f  you 
d o n ' t  l e a v e  h i m  w e i g h t l e s s .  This .means  t h a t  t he re  
i s  a t r a d e o f f  between making t h e  a s t r o n a u t s  more 
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e f f i c i e n t  and t h e  added weight and complexi ty  of 
an a r t i f i c i a l - g  sys t ems .  Crudely s p e a k i n g ,  w e  
may be  able  t o  do t h e  same exper iment  l o a d  w i t h  
a smaller crew and a smaller s t a t i o n ,  s i m p l y  by 
add ing  t h e  a r t i f i c i a l - g  c a p a b i l i t y .  

One n e g a t i v e  argument here  i s  t h a t  many ex- 
pe r imen t s  on a space  s t a t i o n  o p e r a t e  i n  z e r o  g r a v i t y ,  
e i t h e r  because  t h e y  must p o i n t  a t  something s t a t i o n -  
a r y  or because  t h e  l a c k  of a c c e l e r a t i o n  i s  a n  env i ron -  
men ta l  r equ i r emen t  for t he  expe r imen t .  Th i s  might  be 
s o l v e d  i n  some c a s e s  by more complex e x p e r i m e n t s ,  f o r  
example t e l e s c o p e s  w i t h  s l ewing  a p p a r a t u s ,  b u t  t h i s  
undoes some o f  t h e  good by  i n c r e a s i n g  t h e  s i z e  and weight  
of  t h e  expe r imen t s .  It d o e s n ' t  h e l p  t o  have a n  e f f i c i e n t  
a s t r o n a u t  runn ing  an i n e f f i c i e n t  expe r imen t .  If w e  
p u t  t h e  expe r imen t s  i n  a non-sp inning  c o u n t e r - r o t a t i n g  
hub w e  l o s e  a s t r o n a u t  e f f i c i e n c y  r i g h t  when w e  want 
i t  most--when h e ' s  working on t h e  expe r imen t s .  

Clever  d e s i g n s  may r e s o l v e  most o f  t hese  c o n f l i c t s ,  
b u t  t h e  s i t u a t i o n  i s  c u r r e n t l y  f a r  from c l e a r .  Be-  
cause  of  t h i s ,  a r t i f i c i a l - g  expe r imen t s  have been pro-  
posed ,  b o t h  on AAP and as par t  of t h e  IOWS program, t o  
c l a r i f y  some q u e s t i o n s  l i k e :  

1) How much less  e f f i c i e n t  i s  a n  a s t r o n a u t  - 
i n  aba r i a ;  and 

2 )  Can s i m p l e  accommodations be  found for 
a b a r i c  expe r imen t s  on a s p i n n i n g  s t a t i o n ?  

3 )  H a b i t a b i l i t y .  Psychology,  a t  b e s t ,  i s  a q u a l i t a t i v e  
f i e l d .  When a p p l i e d  t o  a s t r i k i n g l y  a t y p i c a l  popu- 
l a t i o n  sample l i k e  a group of  a s t r o n a u t s ,  t h e  c o r r e -  
l a t i o n s  are  even l e s s  d e f i n i t i v e .  The l a c k  of  g r a v i t y  
might make i t  easier  f o r  a s t r o n a u t s  t o  s t a n d  t h e  l o n g  
confinement o f  a space  voyage. On t h e  o t h e r  hand 
a r t i f i c i a l  g r a v i t y  might be b e t t e r .  S t i l l  a n o t h e r  
approach may be  t o  f l y  p a r t  of t h e  voyage s p i n n i n g  and 
p a r t  o f  i t  i n  zero-g.  
b e  use  a c o u n t e r  r o t a t i n g  hub and l e t  t h e  crewmen choose 
whichever environment t h e y  p r e f e r  a t  t h e  moment. I n  
any c a s e  t h e  e f f e c t s  of  g r a v i t y ,  or t h e  l a c k  o f  i t ,  
on t h e  b e h a v i o r a l  c h a r a c t e r i s t i c s  o f  t h e  crew i s  a wide 
open q u e s t i o n ,  and p r o v i d e s  a s t r o n g  m o t i v a t i o n  f o r  
conduc t ing  some a r t i f i c i a l - g  expe r imen t s .  

And a s t i l l  b e t t e r  a l t e r n a t i v e  may 
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4 )  Complexity.  T h i s  has been argued  i n  b o t h  d i r e c t i o n s .  
A s p i n n i n g  s t a t i o n  i s  a gyroscope  o f  sorts -- t h e  
a n g u l a r  momentum he lps  t o  make t h e  s t a t i o n  a more 
s tab le  p l a t f o r m  f o r  o p t i c a l  o b s e r v a t i o n s .  T h i s  means 
t h a t  t h e  a t t i t u d e  c o n t r o l  o r  p o i n t i n g  sys tem can  be  
less  complex t h a n  a s y s t e m  f o r  a s t a t i c  s t a t i o n .  On 
t h e  o t h e r  hand t h e  complexi ty  o f  a c o u n t e r - r o t a t i n g  
hub must be  added t o  t h e  s y s t e m s .  
d e v i c e  can  on ly  view h a l f  t h e  u n i v e r s e  from one s ide  
o f  t h e  c o u n t e r - r o t a t i n g  hub, e i t h e r  two d e v i c e s  must 
be used ,  o r  a s i n g l e  d e v i c e  which c o u l d  be moved from 
one end of  t h e  hub t o  t h e  o t h e r  must be  d e s i g n e d .  A 
t h i r d  a l t e r n a t i v e  i s  t o  d e s p i n  t h e  s t a t i o n ,  r o t a t e  t h e  
s p i n  a x i s ,  and t h e n  s p i n  up a g a i n .  Any o f  these t h r e e  
a l t e r n a t i v e s  can  add c o s t  o r  complexi ty .  

Although t h e r e  i s  f a r  from unanimous agreement  
on t h i s  s u b j e c t ,  t h e  consensus  seems t o  be t h a t  t h e  
d e s i g n  problems f o r  a s p t n n i n g  s t a t i o n  are more com- 
p l e x  t h a n  f o r  a s t a t i c  s t a t i o n .  

And s i n c e  a n  o p t i c a l  

P rogramat i c  C o n s i d e r a t i o n s  

The g e n e r a l  c o n c l u s i o n s  from these  arguments  are 

w e  do n o t  y e t  know i f  a r t i f i c i a l  g r a v i t y  i s  a 
n e c e s s i t y  o r  a luxury  f o r  l o n g  term space  f l i g h t s .  

a n  a r t i f i c i a l - g  experiment  would y i e l d  data on 
h a b i t a b i l i t y  and crew o p e r a t i o n s  t ha t  might be 
h e l p f u l  i n  f u t u r e  space  s t a t i o n  d e s i g n s .  

I n  p l a n n i n g  a space  s t a t i o n  program, these  q u e s t i o n s  

Assume t h a t  z e r o - g r a v i t y  o p e r a t i o n s  w i l l  be a c c e p t -  
a b l e ,  and checkout  t h e  assumpt ions  on an  ear ly  f l i g h t .  
I f  t h e y  are c o r r e c t  c o n t i n u e  aba r i ca l ly .  
n o t ,  s t o p  t h e  program, deve lop  a c o u n t e r - r o t a t i n g  
hub a r t i f i c i a l  g r a v i t y  a d a p t o r  k i t ,  and c o n t i n u e  t h e  
program w i t h  a s p i n n i n g  s p a c e  s t a t i o n .  

Conduct some p r e c u r s o r  f l i g h t s  t o  see i f  a b a r i c  
o p e r a t i o n  i s  accep tab le - - a t  l eas t  f o r  a r e a s o n a b l e  
crew r o t a t i o n  p e r i o d  l i k e  90 d a y s .  If abaria i s  
OK,  d e s i g n  a n  a b a r i c  s t a t i o n .  I f  i t ' s  n o t  d e s i g n  
a s p i n n i n g  s t a t i o n  w i t h  a c o u n t e r - r o t a t i n g  hub. 
c o u r s e ,  t h e  space  s t a t i o n  developMent e f f o r t  must 
be  postponed u n t i l  t h e  a r t i f i c i a l  g r a v i t y  d e c i s i o n  
i s  made. 

1) 

2 )  

lead t o  s e v e r a l  i n t e r e s t i n g  a l t e r n a t i v e s .  

1) 

If t h e y  a re  

2 )  

O f  
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. 

3 )  Assume t h a t  a r t i f i c i a l  g r a v i t y  i s  r e q u i r e d  b u t  
d e s i g n  t h e  s t a t i o n  so  t h a t  t h e  c o u n t e r - r o t a t i n g  
hub and a r t i f i c i a l  g r a v i t y  s y s t e m  may b e  used  o r  
l e f t  o u t .  On t h e  f i rs t  f l i g h t s ,  check t h e  need f o r  
a r t i f i c i a l  g r a v i t y .  I f  i t ' s  n o t  needed,  d i s c a r d  
a r t i f i c i a l - g  hardware o r  u s e  i t  on a subsequent  
exper iment  t o  t e s t  t h e  p s y c h o l o g i c a l  and p s y s i o l o g i c a l  
e f f e c t s  of a s p i n n i n g  s p a c e  s t a t i o n .  

- 

I n  each  of these  3 approaches ,  abaria may o r  may n o t  
u l t i m a t e l y  p rove  t o  be  a c c e p t a b l e  and t h e  c o s t  of t h e  program w i l l  
depend on t h e  r e s u l t .  

Rough estimates of program c o s t  and s c h e d u l e  f o r  each 
o f  t h e  t h ree  a l t e r n a t i v e s  a re  shown i n  T a b l e  I1 and Table  111. 
These tables  use  t h e  f o l l o w i n g  a s sumpt ions .  

b )  

To develop  a c o u n t e r  r o t a t i n g  hub and a r t i f i c i a l - g  
adapter k i t  would c o s t  abou t  1 0 0  m i l l i o n  d o l l a r s  and 
take 2 years  t o  f i r s t  l a u n c h .  During t h o s e  2 y e a r s  
t h e  program spending  r a t e  would b e  about  0 . 5  b i l l i o n  
p e r  year ,  o f  which about  ha l f  would be  wasted k e e p i n g  
d e s i g n  and manufac tur ing  crews t o g e t h e r ,  o r  i n  moth- 
b a l l i n g  new s t a t i o n s  r o l l i n g  o f f  t h e  assembly l i n e s .  
The u n i t  c o s t  o f  a n  a r t i f i c i a l -  k i t  would be a b o u t  
15 m i l l i o n .  

The p r e c u r s o r  experiment  would be  t o  f l y  an  AAP w e t  
workshop f o r  about  120  days .  I f  w e  u s e  t h e  backup 
workshop f o r  t h i s  t h e  on ly  p e n a l t y  i s  a one t o  two 
year d e l a y  i n  f i r s t  f l i g h t  o f  t h e  space  s t a t i o n .  
The c o s t  p e n a l t y  a s s o c i a t e d  w i t h  t h i s  i s  200 m i l l i o n  
f o r  a n  a d d i t i o n a l  S-IB/CSM l a u n c h ,  p l u s  backup hardware. 

c )  

The c o s t  

The b a s i c  c o s t  of t h e  s p a c e  s t a t i o n  module i s  600 
m i l l i o n  f o r  development and abou t  100  m i l l i o n  f o r  
a s i n g l e  man-rat ing f l i g h t .  

comparison shows tha t  t h e  c h e a p e s t  program i s  t o  assume 
~ U Q I ,  a b a r i c  o p e r a t i o n  i s  a c c e p t a b l e  and t o  be  r i g h t .  If you are 
wrong however, t h e  program i s  t h e  most expens ive .  
+LAC 

The c o s t  of conduct ing  p r e c u r s o r  expe r imen t s  i s  h igher  

Consequent ly  t h e  next  cheapest program i s  t o  d e s i g n  
t h a n  t h e  c o s t  of d e s i g n i n g  t h e  s p i n n i n g  c a p a b i l i t y  i n  from t h e  
b e g i n n i n g .  
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AAP 

28 DAY 

MISSION 

56 DAY 
M I S S 1  OM 

56 DAY 

MISSION 

ALTERNAT I VES 
# I  ABARIA OK 

FI ART-G REQ'D 

; - K I T  DEV. 

62 ABARIA OK 

2 0 D A A P  EXT.  
hND ART-G REQ'D 

!3 ABARIA OK 

'3 ART-G REQ'D 

RT-G FLT. 

WS 

CSI 

SSM 

4TM 
cst4 

- 
b B  

B C  
[ I D  

I B  

I r C  
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B E L L C O M M ,  INC. - 6 -  

f o r  a r t i f i c i a l - g  and t e s t  t o  see i f  you need i t  w i t h  t h e  f i r s t  
f l i g h t s .  The d i f f e r e n c e  between t h i s  and cheapes t  program i s  
1 0 0  t o  200 m i l l i o n  d o l l a r s .  T h a t  does n o t  seem unreasonab le  as 
t h e  c o s t  o f  an  i n s u r a n c e  p o l i c y  on a 3 t o  4 b i l l i o n  d o l l a r  program. 
And as a f r i n g e  b e n e f i t ,  t h e  hardware can be used  for subsequent  
a r t i f i c i a l - g  expe r imen t s  i f  funds p e r m i t .  The use  o f  p r e c u r s o r  
f l i g h t s  d o e s n ' t  seem t o  save  any money, and whatkworse, t h e  f u n d i n g  
i n  t h e  ea r ly  y e a r s  of  t h e  program i s n ' t  reduced  because t h e  c o s t  
of t h e  p r e c u r s o r  f l i g h t s  f i l l  t h e  gap t h a t ' s  l e f t  when t h e  main 
program i s  pos tponed .  
have l i t t l e  t o  recormend i t .  

So t h e  u s e  of a p r e c u r s o r  program seems t o  

' Conclusion 

The p r i n c i p a l  conc lus ion  from t h e s e  c o n s i d e r a t i o n s  
i s  tha t  an a t t r a c t i v e  approach i s  t o  r e q u i r e  t ha t  t h e  space  
s t a t i o n  be des igned  f o r  b o t h  a b a r i c  and a r t i f i c i a l - g  o p e r a t i o n .  
The d e s i g n  and development e f f o r t  should  i n c l u d e  a module which 
i s  a c o u n t e r - r o t a t i n g  hub, and an  a r t i f i c i a l - g  system t h a t  may 
be i n c l u d e d  i n  t h e  program on t h e  second o r  t h i r d  f l i g h t s .  A s  
a consequence, Phase B s t u d i e s  should  e v a l u a t e  t h e  schedu le  and 
c o s t  impact o f  i n c l u d i n g  such  an e f f o r t  i n  Phases  C and D .  A 
f i r m  d e c i s i o n . t o  i n c l u d e  t h e  a r t i f i c i a l - g  k i t  i n  t h e  program 
shou ld  await t h e  r e s u l t s  o f  t h e  Phase B s t u d y .  
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